Introduction
============

Since colonoscopy is more widely available, colon cancer is now being detected at earlier stages, and patients undergo timely endoscopic treatment. Early and accurate detection of colon cancer is important for reducing mortality. Appropriate colonoscope insertion is essential for colon cancer detection, yet requires skill and good procedural technique.

In terms of specific technique, when advancing the colonoscope to intubate the cecum, it is important to avoid overstretching the intestine. Ideally, a technique that prevents loop formation should be used. However, in patients with a history of abdominal surgery or adhesions, or in female or elderly patients, looping may occur. The variable-stiffness colonoscope was developed because scope flexibility is required when loop formation occurs, and rigidity is desired for insertion into the proximal colon so that the scope does not re-loop deep inside the colon. There are several reports of the variable-stiffness colonoscope\'s efficacy^[@B1],[@B2])^, yet it is not a function associated with all colonoscopes.

We developed a variable-stiffness stylet, which can be inserted into the endoscope instrumentation channel to increase the rigidity of the endoscope, and investigated its utility.

Methods
=======

Variable-stiffness stylet
-------------------------

We developed a stylet with adjustable stiffness in collaboration with Tokusen Kogyo Co (Hyogo, Japan). It measured 2.5 mm in diameter, length 1 cm (each cylinder), and it was composed of 120 interconnected stainless-steel cylindrical structures, with a wire affixed to the first cylinder. The stylet\'s total length was 155 cm. The wire was passed through the insides of the cylinders such that, when the handle attached to the wire is turned, the cylindrical structures interlock to become a rigid catheter to increase the colonoscope\'s stiffness. Turning the handle in the opposite direction causes the lock to be released, and the stylet becomes flexible ([Figure 1](#g001){ref-type="fig"}).

![Photograph of the variable-stiffness stylet.\
(a) Schematic diagram. Turning the handle, indicated by the yellow arrow, leads to interlocking the 1-cm stainless-steel cylinders, resulting in a rigid tube.\
(b) Stylet in flexible state.\
(c) Stylet in rigid state.](2432-3853-3-0116-g001){#g001}

Regarding the method of use, the stylet is first inserted into the instrumentation channel. If the handle is not turned, the endoscope\'s flexibility does not change from its initial state. When the handle is turned, the endoscope stiffens, and when the handle is turned the other way, the endoscope returns to the flexible state ([Figure 2](#g002){ref-type="fig"}).

![Comparison of the colonoscope to stylet and variable-stiffness colonoscope currently commercially available.\
(a) Without stylet.\
(b) With stylet in flexible state.\
(c) With stylet in rigid state.\
(d) Variable-stiffness colonoscope at maximum flexibility.\
(e) Variable-stiffness colonoscope at maximum regidity.](2432-3853-3-0116-g002){#g002}

*Ex-vivo* model ([Figure 3](#g003){ref-type="fig"})
---------------------------------------------------

![Colonoscopy training model used in this study.](2432-3853-3-0116-g003){#g003}

We performed experiments in an *ex-vivo* model to examine the utility of the variable-stiffness stylet in colonoscope insertion. Four endoscopists performed colonoscope insertion. All were board-certified endoscopists of the Japan Gastroenterological Endoscopy Society. Alternating between using the stylet (Stylet method) and the conventional method, they performed colonoscope insertion 24 times. Two endoscopists performed the conventional method first, then the Stylet method. The other two endoscopists performed the Stylet method first, followed by the conventional method. The CF Q240 (Olympus, Tokyo, Japan) endoscope was used in the experimental Colonoscopy Training Model (Kyoto Kagaku Co. Ltd., Kyoto, Japan). The *ex-vivo* colon model\'s technical difficulty ranged from level 1 (the easiest) to 5 (the most difficult), and it was set to level 5 in this study. If the intestines were overstretched and insertion into the proximal colon became difficult, external abdominal compression was permitted as necessary. In detail, when insertion remained difficult due to overstretching of the same part of the intestine after three consecutive attempts, external abdominal compression was applied. In the Stylet method, after inserting the stylet, the endoscope was initially inserted in the flexible state, then the stiffness was changed to rigid as deemed necessary.

The time required to aspirate 100 ml of water was evaluated in each methods. We conducted this suction trial three times each.

Evaluation items
----------------

In this study, we evaluated the insertion rate, insertion time, rate of applying external abdominal compression, insertion time from the anus to the splenic flexure (SF), and insertion time from the SF to the cecum. We also evaluated the suction time of 100 ml of water. Insertion time was defined as the time taken for the endoscope to pass from the anus to the cecum.

Statistical analysis
--------------------

Data were analyzed using the unpaired *t*-test, Chi-squared test, Fisher\'s test, or Mann-Whitney U-test as appropriate. A P value less than 0.05 was considered significant. All statistical analyses were performed using SPSS version 20 (SPSS IBM statistics).

Results
=======

The study results were shown in [Table 1](#t001){ref-type="table"}. In all 24 trials, the endoscope was inserted up to the cecum. The insertion time was 181.3 ± 64.9 s with the conventional method and was shorter with the Stylet method, at 140.9 ± 53.7 s (p = 0.17). Significantly fewer abdominal compressions were applied when using the Stylet method compared to the conventional method \[1/12 (8.3%) vs. 6/12 (50%), respectively; P = 0.03\]. Insertion time up to the SF in the conventional and Stylet methods were essentially the same, at 52.9 ± 27.2 s and 53.3 ± 23.9 s, respectively. In contrast, insertion time from the SF up to the cecum was 128.4 ± 56.9 s with the conventional method, and was shorter with the Stylet method, at 87.7 ± 64.0 s (p = 0.11).

###### 

The Results of This Study.

                                          Conventional method   Stylet method   
  --------------------------------------- --------------------- --------------- ----------
  Insertion rate, % (n)                   100 (12/12)           100 (12/12)     
  Insertion time, s (±SD)                 181.3 ± 64.9          140.9 ± 53.7    P = 0.17
  From anus to SF                         52.9 ± 27.2           53.3 ± 23.9     P = 0.93
  From SF to cecum                        128.4 ± 56.9          87.7 ± 64.0     P = 0.11
  External abdominal compression, % (n)   50 (6/12)             8.3 (1/12)      P = 0.03
  Suction time, s (±SD)                   7.9 ± 0.9             22.2 ± 2.3      P = 0.02

SD: Standard deviation

SF: Splenic flexure

The suction time with the Stylet method was 22.2 ± 2.3 s, which was significantly longer compared to the conventional method (7.9 ± 0.9 s, p = 0.02).

Discussion
==========

Colonoscopy can cause pain, often due to excessive intestinal stretching. Many studies have examined the insertion and pain associated with colonoscopy^[@B3])^. Age, body mass index, history of abdominal procedures, and sex are reported to be related to coloscopy-associated pain. Jia et al. ^[@B4])^ used a scoring system to categorize colonoscope insertion difficulty and reported that pain can be predicted. The present study was at a preclinical stage, using a colonoscopy training model; thus, we could not evaluate pain. As soon as the variable-stiffness stylet is approved for clinical use, we hope to examine the relationship between stylet use and pain.

Various efforts are being made to alleviate the pain associated with colonoscopy. One is appropriate sedation^[@B5],[@B6])^. Propofol, in particular, is often used in endoscopy in recent years. However, sedatives have disadvantages, such as the potential for adverse events and the need for monitoring and subsequent recovery. Second, CO~2~ delivery may be effective in reducing abdominal discomfort and pain^[@B7])^. Also, using a transparent hood on the tip of the endoscope or the water exchange method are considered effective^[@B8],[@B9])^. In the present study, we did not use a hood, and we used delivery of normal air. In clinical practice, we plan to investigate the stylet\'s effect on pain reduction in combination with other methods.

Various modifications and improvements in endoscopes and related equipment, such as variable-stiffness colonoscopies^[@B1],[@B2])^, ultrathin colonoscopies^[@B10]-[@B12])^, passive bending endoscopes^[@B13])^, and double balloon enteroscopes^[@B14])^, have been developed to facilitate colonoscope insertion. Specifically, endoscopes with adjustable stiffness capabilities are widely used. Typically, the endoscope becomes flexible when a loop is forming in the sigmoid colon. However, when inserting further than the SF, it is important not to form another loop at the sigmoid. Thus, a rigid scope is used when advancing further ([Figure 4](#g004){ref-type="fig"}). A meta-analysis revealed that endoscopes with variable-stiffness capabilities improved insertion rates and reduced need for procedures, such as abdominal compression and position change^[@B1],[@B2])^. There was reportedly no significant difference in terms of insertion time between endoscopes with and without variable stiffness; however, a subgroup analysis of adults reported that variable-stiffness colonoscopes had a significantly shorter insertion times. A colonoscope with this stylet has almost same appearance as variable-stiffness colonoscopes that are currently commercially available ([Figure 2](#g002){ref-type="fig"}). In the present study, using the stylet reduced insertion time and application of external abdominal pressure, suggesting that the stylet may have similar effects as the variable-stiffness colonoscopes currently used in clinical practice. Furthermore, using this stylet in clinical practice will enable all endoscopes to have variable-stiffness capabilities. The stylet could potentially be used in endoscopes other than colonoscopies, such as double balloon enteroscopes and ultrathin endoscopes, and even in non-endoscopic procedures such as an ileus tube.

![Picture of the training model during insertion at the transverse colon. Loop formation of sigmoid colon is observed. The direction of overstretching of the sigmoid colon was indicated with a yellow allow.](2432-3853-3-0116-g004){#g004}

The present study has several limitations. First, this study used an *ex-vivo* model with a small sample size. We thought using this highly realistic model was suitable for a preclinical study because its usefulness in endoscopy training has already been reported^[@B15])^. However, equipment that can be used effectively in clinical practice must be developed, and its efficiency must be investigated in a large-scale prospective trial. Moreover, because the stylet is inserted into the instrumentation channel, suction force might decrease. In this study, the suction time in the Stylet method was more than twice as long as the conventional method. Aspiration of solid intestinal contents may be more difficult and considered to be a big problem in clinical practice. The stylet diameter is 2.5 mm, so reducing the caliber further may result in diminished efficiency. We plan to investigate the optimal caliber necessary for developing the stylet.

In conclusion, using the variable-stiffness stylet, currently under development, resulted in significantly fewer external abdominal compressions and tended to have shorter insertion times. We intend to continue developing this stylet for use in clinical practice.
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